Purpose. To estimate the height loss in 28 patients who had undergone surgery for scoliosis before skeletal maturity. Methods. 28 women patients aged 11 to 18 (mean, 15) years underwent Harrington instrumentation, segmental sublaminar wiring, and posterior spinal fusion for idiopathic scoliosis. The patients' mean age at menarche was 13 (range, 10-16) years. Pre-and post-operative radiographs of the spine were taken to determine curve types, the Cobb angle, and the degree of correction. The standing and sitting heights were measured using a flexible steel tape, and the expected standing and sitting heights were derived using formulae. Results. At the final follow up, the mean patient age was 20 (16-32) years. The mean standing height was 155.2 cm and the mean sitting height was 77.4 cm. Using the formulae, the mean expected standing height was 158.4 cm, indicating height loss of 3.2 cm (t=4.6, p=0.0001), and the mean expected sitting height was 79.9 cm, indicating height loss of 2.6 cm (t=3.84, p=0.001). The curve types of the 28 patients were sub-divided as thoracic (n=7), thoracolumbar (n=18), and double major (n=3). Patients with thoracolumbar curves achieved better correction and less loss of standing and sitting heights. Percentage loss of standing and sitting heights were not correlated with the apex of the curve or the degree of correction. Conclusion. Height loss after surgery was acceptable in comparison with height loss associated with progression of scoliosis without surgery.
In patients with limb deformity or amputation, height can only be estimated using other body parameters in order to predict age-related loss in stature and identify growth abnormalities, skeletal dysplasia, or height loss. Arm span is most reliable for predicting body height, [1] [2] [3] [4] [5] [6] [7] [8] but the association varies between different races. 4, 5, 7 This study estimated the height loss in 28 patients who had undergone surgery for scoliosis before skeletal maturity.
MATERIALS AND METHODS
Between January 1991 and June 1995, 28 female patients aged 11 to 18 (mean, 15) years underwent Harrington instrumentation, segmental sublaminar wiring, and posterior spinal fusion for idiopathic scoliosis. Their mean age at menarche was 13 (range, 10-16) years. The iliac apophysis had fused and the Risser stage of the pelvis was >5. Pre-and post-operative radiographs of the spine were taken to determine curve types, the Cobb angle, and the degree of correction. The standing and sitting heights were measured using a flexible steel tape. The expected standing and sitting heights were derived using formulae based on simple linear regression analysis of 505 healthy women aged 20 to 29 years. 8 Correlations were plotted using scatter diagrams and regression lines. A p value of <0.05 was considered statistically significant. 
-test).
The mean Cobb angle was 67.3° (range, 22º-92°) preoperatively and 20.8° (range, 0º-78°) at the final follow-up; the mean degree of correction was 46.6º (range, 8º-100º), which was significant (t=12.6, p=0.0001).
The curve types of the 28 patients were subdivided as thoracic (n=7), thoracolumbar (n=18), and double major (n=3). Patients with thoracolumbar curves achieved better correction and less loss of standing and sitting heights (Table) . Percentage loss of standing and sitting heights did not correlate with the apex of the curve or the degree of correction (Fig.) .
discussion
The optimal surgical time for scoliosis remains controversial. Some studies have suggested that fusion be delayed until skeletal maturity to avoid the risk of arrested growth of the fused spine, [9] [10] [11] [12] but scoliosis may progress such that it cannot be corrected satisfactorily. 9, 11 In contrast, other studies have reported that fusion does not impede spine growth. 13, 14 Surgery at a very young age results in higher rates of complications, 15, 16 whereas surgery at a late age results in unsatisfactory correction of the scoliosis. 11, 17, 18 It is better to have a shorter, straight, fused spine rather than a long, crooked spine. 11 Hence, early surgery to avoid rapid progression of scoliosis at growth spurt is recommended. 11, [19] [20] [21] [22] Nonetheless, long fusion in children should be delayed until the age of 12 to 13 years. 12, 23 The mean increase in height owing to straightening of the spine is 3 cm, whereas the mean expected height loss owing to spinal fusion is 4.6 cm. 15 Body height can be estimated using various body parameters such as knee height, 1 arm length, 3 and arm span. 5, 24 The mean arm span is 8.3 cm more than the mean height among black women, whereas this difference is 3.3 cm among white women; the correlation between arm span and height is 0.852 in black women and 0.903 in white women, 5 and 0.87 in black people of both sexes. 24 In a study of an Indian population, the difference was 2.5 cm, and the correlation was 0.816. 8 There are racial differences in anthropometric measurements.
After posterior spinal fusion, the anterior part of the vertebral body continues to grow and produces the crankshaft phenomenon. 25 Patients with spinal fusion before the age of 8 years are in the lower percentiles of sitting and standing heights, but early fusion is not the main cause as the fused vertebrae may not have had normal growth potential. 26 In 9 out of 33 patients, growth of the fused spinal segment was completely arrested, but in others there was a mean increase of 2 mm over 6 years. 26 The estimated growth in height per year is 0.07 cm in a normal vertebral body 23 and 0.067 cm in a fused vertebral body. 15 The standing heights of operated scoliotic patients were within the normal range in British children of equivalent ages, except for 2 patients whose standing heights were below the one-third percentile, although both had parents who were shorter than the norm. 15 The mean percentage of sitting-to-standing height at skeletal maturity is 50.8%, which is below the normal range of 50 to 53%. 15 The mean standing height at maturity does not differ between Chinese girls with scoliosis treated with Harrington instrumentation and posterior spinal fusion and those treated with a brace; the former have significantly shorter spinal length, but significantly longer leg length than the latter, showing a compensatory increase in leg length. 27 In our study, the loss of height was mainly due to loss of spinal height (which was not compensated by an increase in leg length), probably owing to late surgery at a mean age of 15 years. Curve type does not affect the degree of correction. 28 Patients with thoracolumbar curves achieve better correction than those with thoracic or double major curves.
conclusion
The expected standing and sitting height loss after spinal fusion was significant. Nonetheless, height loss after surgery was acceptable in comparison with height loss associated with progression of scoliosis without surgery.
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